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Abstract

Two piston cores, one located far from the continents (The North Pacific Ocean: ES
core), and another located comparatively closer to the continents (The Bering Sea: BOW-8a
core) were investigated to reconstruct environmental changes on source land areas. The results
show significant contribution of terrestrial organic matter to sediments in both cores. The 3"°C
values of n-C,7, n-Cy9, and n-Cs; alkanes in sediments from the North Pacific ES core show
significant glacial to interglacial variation whereas those from the Bering Sea core do not.
Variations of 8”C values of land plant n-alkanes are related to the environmental or
vegetational changes in the source land areas. Environmental changes, especially, aridity,
rainfall, and pCO, during glacial/interglacial transitional periods can affect vegetation, and
therefore C3/C4 plant ratios, resulting in 8'°C changes in the preserved land plant biomarkers.
Maximum values of 8"°C as well as maximum average chain length values of long chain n-
alkanes in the ES core occur mostly at the interglacial to glacial transition zones reflecting a
time lag related to incorporation of living organic matter into soil and transportation into ocean
basins via wind and/or ability of C4 plants to adapt for a longer period before being replaced by
C; plants when subjected to gradual climatic changes. Irregular variations with no clear glacial
to interglacial trends in the BOW-8a core may result from complex mixture of aerosols from
westerly winds and riverine organic matter from the Bering Sea catchments. In addition,
terrestrial organic matter entering the Bering Sea could originate from multiple pathways
including eolian, riverine, and ice rafted debris, and possibly be disturbed by turbidity and
other local currents which can induce re-suspension and re-sedimentation causing an

obliterated time relation in the Bering Sea biomarker records.

Keywords: Bering Sea; Pacific Ocean; n-alkanes; stable carbon isotope; deep-sea sediments;

higher plants; average chain length
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1. Introduction

Time series sediment samples from marine cores are often utilized to reconstruct
paleoclimatic and paleoceanographic environments. In addition to organic matter derived from
marine organisms, ocean sediments also contain terrestrial organic matter. Long-chain n-
alkanes and fatty acids are common biomarkers found in ocean sediments (Meyers, 1997; Hu et
al., 2002; Pelejero, 2003; Ratnayake et al., 2005) and aerosols (Conte and Weber, 2002;
Simoneit et al., 1977). These biomarkers are abundant components of land plant epicuticular
waxes (Cranwell, 1973; Rieley et al., 1991), occurring as protective coatings on plant leaves.
Wax particles are easily lost from the surfaces of leaves by wind ablation, and can become
airborne (Conte and Weber, 2002). In addition, decomposing plant organic matter in soils can
be airlifted during dust storms and carried by wind. Plant-wax lipids are therefore even found
in dust above deep ocean areas, i.e., the North Pacific (Gagosian et al., 1981), the South Pacific
(Gagosian et al.,1987), the eastern Atlantic (Simoneit, 1977), and western north Atlantic (Conte
and Webber, 2002). The eolian fraction in the ocean basins depends mostly on the climate of
the source area, and partially on the strength of winds, the distance from source area, and the
number of transport episodes within the year.

Among various parameters for the reconstruction of environmental change on land,
compound specific stable carbon isotope ratios (3'°C) are of great interest. Compound specific
8°C values can refine the interpretation of bulk 8”°C data and further strengthen the
reconstruction of paleoenvironmental changes (Bird et al., 1995; Huang et al., 1999). The 3"°C
values of leaf wax biomarkers can be applied to evaluate relative contribution of C; versus Cy
plants. The Cj plants are favoured in arid environments to adjust into water limitations
resulting in less isotopic fractionation than the C; plants. Leaf waxes from Cj4 plants usually

have 8"°C values of about -23 %o, whereas C; leaf waxes have 83C values of about -34 %o
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(Freeman and Colarusso, 2001). The 8"°C values of land plant waxes such as long chain n-
alkanes in marine sediments have been used to determine vegetational contributions by C;/Cy
plant type organic material to marine sediments (Bird et al., 1995; Kuypers et al., 1999; Huang
et al., 2000; Hughen et al., 2004).

The present study focuses on the relationship between the variation of the land plant
8"°C values of n-C,7, n-Cyo, and n-Cs; alkanes and glacial/interglacial changes over the past
250,000 years. We obtained two piston cores from seamounts in the North Pacific Ocean and
the Bering Sea. Organic matter from these sediments was analysed for the 8"°C of land plant n-
alkanes. The results provide an insight into glacial/interglacial changes in the northeast Asia

and Bering Sea catchment.

2. Study area and samples

Sampling of the sediment cores was carried out during Cruise KH99-3 of the R/V
Hakuho Maru from June 25 to August 25, 1999. This cruise was organized by the Ocean
Research Institute of the University of Tokyo to reconstruct the high—resolution
glacial/interglacial paleoceanographic changes during the Late Quaternary in the Bering Sea
and the North Pacific Ocean. Two piston cores were collected from representative sites (Fig.
1) in the Bering Sea (core BOW-8a from Bower Ridge) and the North Pacific Ocean (core ES
from Emperor Seamount). The Bering Sea is a marginal sea linked to both the Pacific and the
Arctic Oceans, and has a dynamic water circulation and convection pattern (Takahashi et al.,
2000).

The cores collected were approximately 8.5 m long and consisted of clay, silty clay, and
diatomaceous clay along with several intercalated volcanic ash bands. These cores were cut
into several vertical sections and distributed among onboard scientists for multidisciplinary

research including our organic geochemical studies. The samples were stored in stainless steel
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cases at —20°C and carried to the laboratory, where they were cut into 5 cm sections, freeze

dried, ground, and used for organic matter extraction.

3. Experimental

3.1 Lipid Extraction

After the addition of C,4Dsy and C3oDg; as internal standards (iSTD), approximately 5g
of pulverized sample from each sediment section was subjected to ultrasonic lipid extraction by
BIORUPTOR BD-1 (Cosmo Bio Co.) for 15 min with dichloromethane/methanol (9:1) mixed
solvent. Sediments were extracted for three times (using total 100 ml of solvent). Solvent
extracts were fractionated by silica gel (Wakogel Q-23) column chromatography (c.a. 10 cm x
1.6 cm ¢) with n-hexane (25 ml) for saturated hydrocarbons. The saturated hydrocarbon
fraction was analysed by Gas Chromatography (GC), Gas Chromatography—Mass
Spectrometry (GC-MS), and Gas Chromatography—Combustion/Isotope Ratio Mass

Spectrometry (GC-C/IRMS).

3.2 Instrumental

The saturated hydrocarbons were analysed using a Hewlett Packard HP6890/5973 GC-
MS (splitless injection system) equipped with a fused silica column HP-5MS (30m x 0.25mm).
The GC was programmed isothermally at 40°C for 2 min., from 40°C to 300°C at 4°C /min and
held at 300°C isothermally for 25 minutes. Concentrations of n-alkanes were determined based

on their peak areas compared to those of deuterated internal standards.
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The saturated hydrocarbons were also analysed using GC-C/IRMS, using a HP 6890
series GC (splitless injection system) equipped with fused silica capillary column DB-5 (30mx
0.25mm, J&W) coupled with a Finnigan MAT-252 Isotope Mass Spectrometer and a Finnigan
MAT Interface GC-combustion III. The GC was programmed isothermally at 40°C for 2.5
minutes, from 40°C to 120°C at 20°C /min, from 120°C to 300°C at 4°C /min. and held at 300°C
isothermally for 25 minutes. The 8"°C of n-alkanes were determined compared to iSTD, and
are reported in per mill (%o) relative to the PDB standard. The error of the measurement

calculated using iSTD is within + 0.3 %eo.

. 13
3.3 Precision and accuracy of 0"~ C measurements

Precision and accuracy are vital in measuring 8°C. We used the following
precautionary procedure to increase the reproducibility of our 8'°C measurements. The
standard deviation of the two iSTDs calculated using all the analysed samples (N=154,
STDEV=0.3) was considered as the error range, and if the iSTD for a particular sample had a
8°C value beyond 0.3 %o. of the mean iSTD values, such samples were reanalysed.
Additionally, 28 samples from the ES core and 21 samples from the BOW-8a core randomly
selected were replicated. The error range of these measurements was within + 0.2 %o.. An
external reference that contained n-C,;, n-Cy7, n-Cs, and n-Cs¢ alkanes was measured after
analysis of each ten samples to further enhance the reliability. The 8" °C values of these

standards were determined using open inlet method (accuracy: £+ 0.1 %o).

3.4 Dating

The age models for Core BOW-8a and Core ES were established by Okada et al. (2005)

by means of correlation between benthic foraminifera oxygen isotopes and the SPECMAP
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stack (Imbrie et al., 1984, Martinson et al., 1987). Contrary to core BOW-8a, where abundance
of foraminifera, N. pachyderma (sinistral), allowed the establishment of a 8'*0 of adequate
resolution, in core ES, theses analyses could only be performed in discrete intervals. For this
reason, this core was dated using another strategy (Katsuki et al., 2003), making use of the
magnetic susceptibility data, which was tuned to the same measurements in a neighbour core
(ODP Site 883) that had an already established age model (Keigwin, 1995). In Fig. 2, we have

represented both magnetic susceptibility records, which exhibit a clear parallelism.

4. Results

According to the established age models, both BOW-8a and ES cores cover 250,000
years (Fig. 2), including almost nine glacial/interglacial periods (Martinson et al., 1987; Imbrie
et al., 1992). The sediments are mostly of clay and silt, with intercalated diatomaceous and
calcareous clays, along with several water-lain volcanic ash layers. The ES core had a total
organic carbon (TOC) ranging from 0.25 to 0.9 % (average: 0.42 %) whereas the BOW-8a core
had a TOC ranging from 0.3 % to 2.5 % and a higher average of 0.94 %. There was no
significant glacial/interglacial variation with respect to the TOC change in either core.

Representative total ion chromatograms of n-alkanes obtained from GC-MS analysis of
the ES and BOW-8a cores show similar distribution and abundance patterns (Fig. 3). They are
characterized by uni-modal distributions with maxima at n-C,7, n-Cy, or n-Cs;. Chain lengths
are in the range from n-C;7 to n-Css, and the most prominent n-alkanes were n-C,7, n-Cy9, and
n-Cs1, whereas n-C;7 and n-C,3 alkanes occurred in low abundances. Normal alkanes having
more than 23 carbons were generally abundant compared to those with fewer carbons. The
carbon preference index (CPI) of the ES core (Table 1, and Fig. 4) ranges from 1.4 to 4.5
(average 3.1) whereas in BOW-8a (Table 2 and Fig. 5) it ranges from 1.8 to 7.6 (average 5.0).

The higher to lower n-alkane ratio {H/L=(C,5+Cy7+Cy9tC31)/(C15+C17+Ci9)} in the ES core
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ranges from 1.0 to 26.6 (average 13.1) but in the BOW-8a core it varied from 3 to more than
100. Both CPI values and H/L ratios were greater throughout the BOW-8a core compared to
ES core. However, these parameters do not vary in synchronous with glacial/interglacial
changes. On the contrary, mass accumulation rates (MARs) of long chain n-alkanes
(Cp7+Co9tC5;) show significant glacial interglacial changes in both ES and BOW-8a cores. In
ES core, MARs change from 0.07 to 1.1 pgem kyr” and glacial stages generally show higher
values, particularly during marine isotopic stage (MIS) 2 compared to interglacial periods
(Ratnayake et. al., 2004). In BOW-8a core, MARs of long chain n-alkanes change from 0.35 to
2.1 pgem™kyr’, with higher values during the glacial periods and lower values during the
interglacial periods, similar to ES core. Average chain length (ACL) of long chain n-alkanes
ranges from 29.3 to 28.4 (¢ =0.217) in ES core whereas in BOW-8a core it ranges from 29.2 to
28.6 (6 = 0.138). ACL shows a fairly good positive linear correlation with '°C values of Cyo
n-alkanes (R= 0.67) (Fig. 6), whereas in Bering core no correlation exists between these two
parameters.

The compound specific 8“C data obtained from isotopic monitoring gas
chromatography show that the 8"°C of the ES core is in the —28 to —34 %o range (Table 1 and
Fig. 4). Generally, during the glacial periods, the 3"°C values had an increasing trend, whereas
during interglacial periods, 8"°C values had a decreasing trend, with an approximate variation
of 1-3 %o during both stages (Fig. 4). Values become heavier at the end of the glacial periods
and lighter at the end of the interglacial periods. The §"°C values in core BOW-8a ranged from
—29.5 to —34 %o, but there was no significant glacial/interglacial change of 8'°C values of long

chain n-alkanes throughout the Bering Sea core (Table 2 and Fig. 5).

5. Discussion

5.1 Source of long chain n-alkanes in deep-sea sediments
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Lower abundances of n-Cy7 and n-C,g alkanes in the ES and BOW-8a core sediments,
as shown in Fig. 3, indicate a low algal and bacterial organic matter contents (Giger et al.,
1980) whereas higher abundances of n-C,;, n-Cy9, and n-C;; alkanes indicate the dominant
organic source of land plant epicuticular waxes (Cranwell, 1973; Rieley et al., 1991a). Higher
CPI values, which denote the odd over even carbon predominance, of both cores (Figs. 4 and 5)
are also compatible with abundant land-derived organic matter (Bray and Evans, 1961;
Kolattukudy et al., 1976). Light "°C values in the range from —29 to —34 %o in our cores also
confirm the terrestrial origin of the n-C,7, n-Cy9, and n-Cj;; alkanes rather than marine origin
(Meyers, 1997).

Terrestrial organic matter supplied to the open North Pacific Ocean is likely to be
derived mostly from mid latitudes, transported by the prevalent westerly winds. Rea (1990)
showed that the eolian contribution to the North Pacific Ocean is quite significant. Terrestrial
organic matter derived from the high latitude Bering Sea catchment area and carried by river
and oceanic currents to the ES core site is probably less significant, as this area is located far
from land. On the contrary, the BOW-8a core contains terrestrial organic matter predominantly
from the high latitude Bering Sea catchments carried by river currents, with minor contribution

from westerly winds.

5.2 Variations of 6" C and ACL of long chain n-alkanes during the last 250,000 years

The ES core shows distinctive correlation of 8"°C values (Fig. 4) of higher plant n-
alkanes (C,7, Cao and C3;) with respect to glacial/interglacial changes. The 8'°C maxima occur
mostly at the beginning of the interglacial periods. In general terms, the observed trends tend to
decrease during interglacial periods (-1 to -4 %o) and to increase during glacial periods (1 to

4 %o) (Fig. 4). Similar trends can also be seen with respect to ACL indexes, which exhibit
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distinct higher values at the beginning of the interglacial periods. Recent studies show that
ACL varies with arid/humid vegetational sources where the relative proportion of C; to Cy4
plant changes (Huang et al., 2000; SchefuB3 et al., 2003; Hughen et al., 2004; Calvo et al., 2004).
For example, aeolian dust samples collected in transects along the West African coast show a
change in the chain length distributions of n-alkanes as a response to aridity in the source
regions (Huang et al., 2000). In addition, leaf wax biomarkers preserved in Cariaco basin
sediments reveal chain length variability that correlates strongly with n-alkane 8'"°C changes
(Hughen et al., 2004). Similarly, long chain n-alkanes from southern paleosols and Bengal Fan
sediments show a strong correlation between chain length variability and Miocene Cy4 plant
expansion (Freeman and Colarusso, 2001). On the other hand, Calvo et al. (2004) also found a
climate dependence of ACL values, with longer chains occurring during glacial period. The
present study also shows a climate dependence of ACL and a significant correlation between
8'°C of long chain n-alkanes and ACL (Fig. 6). This correspondence let us suggest that our
observed time series changes in the ES core can be related to aridity changes in the source area
that have resulted in changes in the relative abundance of C; versus C,4 plants.

According to Wang et al. (1999), two extremes of East Asian monsoon circulation
alternate with the glacial to interglacial cycles during the Late Pleistocene. A strongly
intensified winter-monsoon and weakened summer monsoon during glacial period reduced
monsoonal precipitation during summer. In contrast, strengthened summer-monsoon
circulation and weak winter-monsoon winds led to extreme continental wetness. Our observed
8'°C changes in the North Pacific Ocean core are probably driven by aridity changes that, on
the other hand, are probably coupled to East Asian monsoonal changes in mid latitudinal land

arcas.

5.3 Changes of vegetation on land during the glacial and interglacial periods

10
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Generally, a decreasing partial pressure of CO, and increasing aridness during glacial
periods result in an increase of C4 photosynthetic plants, which have much higher 3"°C values
than C; photosynthetic plants (Ehleringer et al., 1997; Huang et al., 1999). Therefore, the
gradual increase in 8'°C during glacial periods may indicate gradual increase of Cy plants in the
source area, whereas in interglacial periods the gradual decrease in §"°C may indicate relative
decrease of C4 plants.

Change of C; plant types may also be able to explain observed time series changes in
the ES core, since the 5"°C variation observed was small being less than 4 %o. Pollen studies
from Chinese loess beds show Northeast Asian vegetation has changed from forest to
grasslands with interglacial to glacial transition in the last six oxygen stages (Feng et al., 1998).
However, pollen analysis does not distinguish between C4 and C; grass plants. According to
present understanding of stable carbon isotope ratios, it is difficult to conclude that Cs grass
species have long chain n-alkane with higher 8'"°C than do forest species. Lake core sediments
collected from an old sedimentary basin near Bogota, Colombia showed 1 to 2 %o lighter 3"°C
values when the grass pollen percentage compared to the forest plants is low, and heavier 3"°C
values about 1-2 %o when the grass pollen percentage is high (Boom et al., 2002). These
authors concluded that heavier isotopic values, coinciding with glacial periods, are due to the
increase of C4 plants without considering the possibility of changes in C; plant types. Using
soil carbonate, Han et al. (1997) demonstrated increase of C4 plants during glacial periods in
Northeast Asia. The variation of 8"°C of higher plant n-alkanes in the present study repeated
systematically over the last nine oxygen isotopic stages. The increasing trends of 8"°C values
with interglacial to glacial transition are probably due to gradual expansion of C4 plants in the

source arca.

11
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Variations of 8"°C and ACL during the glacial and interglacial periods in the present
paper suggest that C4 plants start to spread with the beginning of glacial periods and peak at the
beginning of the interglacial periods. Subsequently, C4 plants start to diminish gradually
through the end of the interglacial stage. Therefore, we suppose there is a time lag between

formation of C,4 plants in the source area and deposition in the North Pacific Ocean basin.

5.4 Transportation and deposition of long chain n-alkanes in the deep-sea basin

Time lag between higher plant formation on land and deposition in the deep-sea basin
might be related to incorporation of organic matter into the soil and subsequent transportation.
According to Takahashi et al. (2000) and Rea (1990), terrestrial organic matter is mainly
derived from decomposed higher plants in soils, which can be airlifted during dust storms and
carried by wind from mid latitudes to the Pacific Ocean. In this case, direct contribution from
contemporary leaf waxes by wind ablation is minimal. MARs of long chain n-alkanes in this
study (Fig. 4) also support that organic matter to the North Pacific Ocean is mainly carried with
soil particles. Increase of MARs of long-chain n-alkanes in glacial periods recorded in ES core
can be explained by higher dust input during glacial periods due to aridity in the source area
coupled by stronger global atmospheric circulation. Organic matter attached to such dust
particles was probably the reason for the increase of MARs of long chain n-alkanes. C4 plant
input from North West Africa into North East Atlantic surface sediments reveals large input of
ancient C; plant waxes into present day sediments derived from §,500- 3000 years B. P.
compared to present day (Huang et al., 2000). On the other hand, time lag in the North Pacific
Ocean core is also due to time lag involved in vegetational response. This may indicate the
ability of C,4 plants to adapt for a longer period before being replaced by Cs plants when faced

with gradual climatic changes.

12
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Irregular 8"°C variation of long chain n-alkanes in the BOW-8a core (Fig. 5) could be
due to insignificant mid latitude aerosol content, compared to river-supplied organic matter
from the Bering Sea catchment area, where C4 plants may be less widespread due to cold arid
climate during the glacial periods. The 8'°C time series change of the ES core may represent
vegetational changes in mid latitudes, whereas that of the BOW-8a core represent vegetational
changes in high latitude Bering Sea catchments. However, it is also important to consider that
the terrestrial organic matter coming to the Bering Sea via river waters is a mixture of plant
litter and soil matter, which could be both modern and paleosol in origin. Also, turbidity
currents and other local currents could result in re-suspension of organic matter and re-
sedimentation, causing deposition of organic matter with a wide range of geologic ages.
Studies of "°C of land plant n-alkanes in the Japan Sea (Yamada and Ishiwatari, 1999) and the
China Sea (Hu et al., 2002) do not show variations similar to those recorded in the ES core.
These areas received considerable terrestrial organic matter from river water, and possibly also
reworked organic matter from turbidity and other currents, obliterating the isotopic signal. The
numerous river systems in the Japan Sea favour fluvial transport of plant material from the
riverside vegetation. This process probably account for more negative 5'"°C values and thus for
more C; plants (Huang, et al., 2000). The present study revealed significant glacial-interglacial
changes of land plant 8"°C values and ACL recorded in deep-sea sediments from the North
Pacific Ocean. These variations can be explained by changes of relative abundance of C;/Cy4

plants responding to changes of aridity in the North East Asia.

6. Conclusion

The 8'°C values of n-Cy7, n-Cyg, and n-Cs; alkanes in core sediments from the North
Pacific ES core show significant glacial to interglacial variation, whereas those from the

Bearing Sea BOW-8a core do not. The ES core received terrestrial organic matter transported

13
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by winds mainly from the mid latitudes, whereas BOW-8a received terrestrial organic matter
from the high latitude Bering Sea catchment. The ES core received terrestrial materials mainly
by wind, whereas that in the BOW-8a core had multiple provenances including eolian, riverine,
and other transportation pathways. Original environmental fingerprint were well preserved in
the ES core, while those in BOW-8a were disturbed by turbidity currents and other local
currents, which could induce re-suspension and re-sedimentation of older organic matter at that
site.

The observed glacial/interglacial 8"°C (land plant n-alkanes) shifts in ES core can be
explained by changes in the relative abundances of Cs to C4 plants or plant species changes in
the source land area. These changes could be driven by East Asian monsoonal cycles along
with aridity changes in mid latitudinal land areas. Peaking of 5"°C values at the beginning of
the interglacial periods may indicate a time lag between vegetational changes in the source area,
and/or deposition of organic matter in the ocean basin and/or ability of C4 plant to adapt to
climate change.

Variations in 8"°C of land plant alkanes in BOW core, however, probably reflect a
combination of origins that prevent the extraction of conclusive paleoclimatic information. In
the studied area, marine sediment cores collected from remote ocean areas are easier to
interpret, particularly when considering that terrestrial materials there are mainly transported by

wind as a single mechanism.
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Table 1. Time series changes of CPI, ACL, and ¢ '’C values of long chain
n-alkanes (C,7,Cy9, and Cs;) from ES core, the North Pacific Ocean.

ES core
Age CPl ACL 5"°C %o Age CPl ACL 5"°C %o
yrx1000 C27 C29 031 yrx1000 C27 ng 031
1.7 2.64 289 -30.0 -31.0 -31.9| 1474 2.66
8.7 3.35 154.3 1.52

10.1 2.73 28.8 -29.5 -30.5 -31.1| 1595 3.07 28.6 -30.3 -30.8 -31.2
114 3.23 28.7 -295 -313 -31.5| 164.7 2.67 29.0 -29.6 -30.6 -31.3
12.7 2.29 169.3 3.74

14.0 244 289 -29.7 -31.7 -32.3| 171.8 2.30

156.3 3.16 28.6 -30.3 -31.3 -323| 173.9 292 28,6 -29.8 -30.1 -31.4
16.5 2.99 285 -304 -324 -32.4| 1759 3.60 28.8 -30.1 -30.9 -32.2
18.9 3.09 285 -304 -31.2 -32.6| 182.0 3.84 28.7 -30.8 -31.0 -31.6
239 296 286 -30.9 -325 -33.4| 1885 3.60 28.7 -30.8 -31.9 -31.7
284 323 284 -31.0 -326 -33.5| 195.0 4.13 285 -31.3 -31.4 -31.9
31.7 276 284 -31.2 -33.4 -33.8| 201.5 3.06

35.0 3.33 286 -30.9 -33.5 -32.2| 208.2 3.35

38.3 3.24 284 -30.8 -33.5 -33.7| 2168 2.36 28.7 -30.6 -30.7 -31.4
417 3.08 289 -30.2 -326 -32.5| 221.8 3.61 28.5 -31.3 -31.4 -324
442 313 28.8 -30.1 -32.7 -32.7| 2245 3.87 28.8 -31.0 -31.9 -31.6
46.2 3.24 28.8 -30.1 -32.6 -32.0| 227.0 3.56 28.8 -30.8 -31.2 -324
472 3.80 28.8 -30.0 -32.1 -31.3| 2294 3.41 28.7 -30.3 -31.0 -31.8
494 350 289 -30.1 -31.6 -31.9| 2317 3.12 29.1 -29.6 -30.2 -29.7
515 3.95 28.8 -299 -31.1 -32.6| 2393 2.67 29.0 -29.2 -30.3 -30.6
53.7 4.18 289 -30.0 -31.5 -32.0| 2474 3.03 29.0 -29.8 -30.6 -30.3
55.9 3.27 2565 3.22 -30.2 -30.2

58.1 3.54 28.8 -30.7 -31.5 -32.8| 259.2 3.70 29.2 -30.1 -30.4 -30.4
60.2 3.23 285 -30.2 -31.7 -32.8| 262.7 1.83 29.1 -30.0 -30.5 -30.8
625 3.35 285 -31.1 -31.5 -33.2| 2669 296 29.0 -30.3 -30.8 -30.7
66.0 3.60 285 -31.7 -32.0 -33.0| 2696 296 28.7 -31.0 -30.8 -31.2
694 343 28.7 -30.7 -31.3 -31.8| 2743 3.55 28.8 -30.9 -31.0 -31.3
715 3.82 286 -32.0 -323 -325| 279.0 3.25 289 -30.8 -30.7 -32.5
749 359 289 -31.1 -31.1 -31.6| 283.7 3.57 28.8 -30.6 -31.2 -32.0
78.3 348 28.8 -30.3 -31.1 -325| 2884 3.46 28.8 -30.0 -30.1 -31.3
81.8 244 289 -29.0 -30.4 -30.4| 293.1 3.30 28.8 -30.5 -30.8 -31.5
855 1.93 291 -28.7 -30.2 -30.3| 298.7 3.16 -30.4 -30.9

89.3 270 289 -29.6 -30.6 -30.5| 304.7 3.51 28.7 -31.6 -31.7 -32.6
93.0 1.99 288 -28.2 -29.7 -30.5| 309.3 3.07

96.7 2.77 28.8 -29.0 -30.2 -30.7| 3126 4.50 289 -29.9 -30.7 -30.7

100.5 2.52 28.8 -28.8 -30.6 316.0 3.83 289 -30.5 -30.6 -30.3
104.2 222 292 -28.6 -30.0 -29.4 | 319.3 3.67 29.1 -29.8 -299 -30.3
107.4 3226 2.65 29.2 -30.8 -30.7 -30.1

112.0 3.14 289 -29.3 -30.1 -29.7| 326.6 1.63

116.5 3.75 29.2 -28.8 -30.2 -29.4| 3324 2.89 291 -29.7 -304 -30.2

121.0 3.27 293 -299 -29.7 -29.6| 338.1 295 29.2 -29.0 -30.0 -30.3

126.7 2.34 291 -29.6 -30.3 -30.9| 343.8 2.18

133.6 2.61 29.2 -29.7 -30.1 -30.0| 348.2 215 29.2 -30.5 -30.4 -31.0

140.5 2.75 28.7 -29.4 -30.2 -31.0
Bold 8"°C values are duplicates while bold-italic values are triplicates.
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Table 2. Time series changes of CPI, ACL, and 6 "°C values of long
chain n-alkanes (C,7, Cy9, and Cs3;) from BOW-8a core, the Bering Sea.

BOW-8a core
Age CPl ACL 5"°C %o Age CPl ACL 5"°C %o
yrx1000 Co7 Cog Csq yrx1000 Co7 Cog Csq

3.0 324 291 -29.3 -30.0 -29.8| 151.2 5.60 29.0 -29.9 -30.7 -31.9
6.1 1.80 29.1 -32.3 -31.8 -31.5| 1551 5.42 29.0 -30.2 -30.9 -31.8
82 262 29.0 -29.7 -29.6 -31.9| 158.0 5.04 289 -30.9 -31.1 -32.2
10.3 3.82 289 -321 -30.9 -31.8| 160.3 5.19 28.9 -30.0 -30.7 -31.9
123 4.49 289 -299 -31.0 -31.6| 1625 6.99 28.6 -29.8 -30.6 -31.1
144 4.64 289 -29.8 -31.1 -314| 1648 592 28.7 -29.8 -30.6 -31.6
164 4.61 289 -30.1 -31.0 -32.1| 1671 6.21 28.8 -28.9 -29.9 -31.0
224 452 28,6 -30.1 -30.7 -31.8| 1694 6.35 28.9 -29.5 -30.8 -30.6
29.7 408 28.8 -299 -30.7 -31.6| 171.7 5.75 28.7 -29.9 -30.4 -31.0
351 5.01 28.7 -30.0 -31.0 -31.8| 173.8 7.63 28.7 -29.8 -30.6 -31.1
40.5 5.21 28.7 -29.8 -31.3 -32.0| 1753 7.12 28.8 -29.7 -31.3 -32.2
436 5.68 288 -304 -30.8 -31.8| 175.6 6.58 29.0 -29.9 -314 -32.4
453 5.34 288 -30.5 -31.4 -32.0| 176.0 5.73 28.9 -30.7 -32.7 -32.9
470 5.37 288 -29.5 -30.1 -314| 176.3 6.17 28.9 -30.3 -31.7 -32.3
48.8 5.25 28.8 -29.9 -30.2 -31.4| 176.7 6.22 29.0 -30.5 -33.1 -31.3
50.5 525 28.8 -29.5 -30.7 -31.7| 177.0 6.07 28.7 -29.8 -32.6 -32.0
522 533 29.0 -304 -31.1 -31.8| 1774 5.52 28.7 -29.7 -31.0 -32.6
53.9 5632 29.0 -30.5 -304 -316| 177.8 5.05 286 -29.7 -30.3 -30.7
55.5 5.00 29.0 -29.9 -30.7 -31.1| 1799 5.16 28.8 -29.0 -32.0 -32.6
572 463 28.8 -299 -305 -31.0| 1819 6.14 28.7 -29.8 -30.5 -31.0
589 460 28.8 -29.7 -30.4 -31.0| 184.0 5.41 28.7 -29.5 -304 -31.2
60.6 4.66 28.8 -294 -30.9 -31.4| 187.7 5.84 28.8 -29.1 -32.0 -32.6
62.5 481 28.9 -299 -30.8 -324 | 1919 6.44 28.7 -29.1 -30.9 -324
655 4.12 28.8 -29.8 -30.8 -32.3| 196.8 5.38 28.9 -29.9 -30.7 -32.1
68.5 4.68 28.7 -30.0 -31.1 -32.2| 200.6 5.49 289 -29.6 -31.1 -31.7
715 450 28.8 -30.7 -31.5 -32.2| 205.8 5.80 28.8 -29.9 -30.6 -32.0
741 445 28.8 -29.7 -31.1 -32.4| 210.0 545 289 -294 -30.3 -31.1
76.8 4.74 28.7 -299 -31.3 -32.3| 2126 4.60 29.2 -29.9 -32.6 -30.8
794 478 28.8 -29.7 -30.8 -31.7| 2151 4.62 289 -30.1 -33.8 -31.5
823 494 28.7 -29.7 -30.8 -31.1| 217.8 4.52 289 -29.8 -33.1 -31.0
856 6.13 28.8 -29.5 -30.2 -31.3| 2220 5.24 291 -299 -314 -31.6
889 6.28 28.8 -30.1 -30.6 -31.3| 2251 4.71 289 -295 -31.0 -314
922 6.30 28.7 -29.0 -29.9 -30.8| 2274 5.37 28.6 -30.0 -30.8 -30.9
955 599 28.7 -294 -304 -31.1| 2298 5.90 28.8 -29.3 -30.0 -31.3
98.8 6.14 28.8 -29.2 -30.2 -30.6| 2321 4.62 289 -284 -30.3 -31.0
102.1 522 28.6 -29.6 -29.8 -30.5| 2353 4.09 29.0 -30.9 -32.2 -31.6
1054 563 28.7 -29.3 -30.0 -30.5| 239.9 290 29.0 -30.4 -33.3 -32.3
111.2 5.06 28.7 -29.5 -30.2 -30.9| 2445 2.87 29.0 -30.8 -31.6 -33.1
118.7 5.36 28.9 -30.0 -30.8 -31.3| 249.1 3.68 29.0 -31.0 -32.1 -33.8
1271 548 28.9 -295 -30.5 -31.2| 257.3 291 29.0 -30.8 -31.6 -33.0
135.3 491 28.9 -299 -30.8 -30.6| 2574 3.56 29.0 -31.5 -32.5 -33.8
139.3 4.77 29.0 -304 -31.2 -32.3| 2611 3.64 29.0 -31.0 -32.3 -33.9
143.3 4.85 29.0 -30.2 -30.7 -315| 264.2 3.55 29.1 -30.2 -30.3 -33.8
147.2 517 29.0 -30.0 -30.5 -31.7| 267.3 3.30 29.0 -30.9 -31.9 -33.9
Bold §°C values are duplicates while bold-italic values are triplicates.
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FIGURE CAPTIONS

Fig. 1 Locations of piston cores from the North Pacific Ocean (ES) and the Bering Sea (BOW-

8a), Cruise KH99-3 and Site 883, ODP Leg 145.

Fig. 2 Magnetic susceptibilities and benthic foraminifera oxygen isotopes from the North
Pacific Ocean (ES) core and Site 883, oxygen isotope from the Bering Sea (BOW-8a)

core, and SPECMAP stack curve plotted against age in ka.

Fig. 3 Representative total ion chromatograms of n-alkanes from the ES (0.80—0.85 mbsf) and
BOW-8a (0.70-0.75 mbsf). Predominance of long chain n-alkane (C,7, Cy9, or C3;) can be

seen throughout both cores.

Fig. 4 Vertical distribution of oxygen isotope, 5"°C values of land plant derived n-alkanes (Cy7,
Cy, and Cs,), average chain lengths (ACL), carbon preference index (CPI) and mass
accumulation rates of long chain n-alkanes (C,7+Cy9+Cs;) from the North Pacific Ocean

(ES) core.

CPI=0.5xX[(CpstCaytCagtCs C33)/(CoytCagtCostCagtCap)t (CostCyytCagtCs +C33)/(CogtCagtCiptCaatCiy)

ACL= [27(Cy7)+29(Cp0)+31(C31) )/ (Cy7+CrotCsy)

Fig. 5 Vertical distribution of oxygen isotope, 8'°C values of land plant derived n-alkanes (C,7,
Cy, and Cj), average chain lengths (ACL), carbon preference index (CPI) and mass
accumulation rates of long chain n-alkanes (C,7+C,9+Cs;) from the Bering Sea (BOW-8a)

core.

CPI=0.5xX[(CasHCayCrgtCs C33)/(CoytCagtCostCagtCap)+ (CostCoyCagtCs +C33)/(CogtCagtCap+CaatCs4)

ACL=[27(C37)+29(Ca9)+31(C51)}/ (Co7+CrotCs31)
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Fig. 6 The 8"°C of n-Cy alkane versus average chain length (ACL) of n-Ca7, n-Cao, and n-Cs,

alkanes from the North Pacific Ocean (ES) core, and the Bering Sea (BOW-8a) core.
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